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Abstract: As resource integration plays a significant part in improving operational efficiency in the
last mile delivery industry, there is an increasing popularity for logistics service providers (LSPs)
to collaborate with property service companies (PSCs). Based on the evolutionary game theory,
considering the dual role of PSCs when collaborating with LSPs, a trilateral evolutionary game
model between PSCs, LSPs, and customers (Cs) is established to analyze the strategic choices and
explore the influencing factors on the tripartite strategy. The results show that (1) There are optimal
profit allocation coefficients and cost-sharing coefficients to cause the system to reach a steady state.
(2) The integration cost between LSPs and PSCs and the home delivery cost inhibit the strategic
integration of the two enterprises. (3) PSCs are more sensitive to their benefits and costs than LSPs
in the process of resource integration. (4) More precisely evaluating their potential loss caused by
temporary integration will help the tripartite to make a more scientific choice of strategic behavior.
(5) The increase of community premium income helps to improve the enthusiasm of Cs supporting
strategic integration. (6) The behavior and decision-making choices of the three game players affect
each other in the last mile delivery resource integration. (7) The indirect benefits, such as advertising
during their integration, play a positive role. Finally, the MATLAB2020a software is applied to
simulate and analyze the impact of key factors on strategy evolution, and we propose several useful
suggestions to promote the development of last mile delivery resource integration.

Keywords: dual role; property service companies; last mile delivery; resource integration; evolutionary

game

1. Introduction

The growing popularity of online shopping has driven a surge in express logistics
with the rapid development of e-commerce [1]. According to the latest data reported by
the Ministry of Transport of China, the average annual growth rate of the express delivery
business in the past five years has exceeded 30 percent in China and ranks the first position
in the world. What is more, the per capita packages are nearly 60 in 2020, which is about
twice as high as the global average. However, due to spatial decentralization of demands,
as well as specific requirements of customers [2], last mile delivery is regarded as the
most expensive but least efficient part of the e-commerce logistics [3]. With increasing
competition among LSPs and growing expectations for quality and service from customers,
last mile delivery is one of the largest challenges in business to customer e-commerce [4].
Thus, LSPs must develop efficient strategies to try to reduce costs when designing their
last mile operation systems [5].
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Resource integration or corporation with other firms enables LSPs to develop and
maintain a competitive advantage as the increasing of the economics of scale and more
effective assets utilization [5,6] has drawn wide consideration during past decades. Several
types of corporation have appeared in the last mile delivery industry. One of the main
choice is to perform joint delivery through the alliance among couriers [7]. Crowdsourcing
delivery is another very popular choice. In 2018, Walmart began to pilot crowdsourcing
distribution in two cities in the United States. There is an increasing number of courier
crowdsourced delivery companies in reality, such as Dada, Jingdong crowdsourcing, Post-
mates, UberEats, PiggyBee, DHL MyWays, UberFreight, BuddyTruk, etc. These companies
combine shippers with people who provide shared mobile services to achieve the goal,
which provides more economical transportation services than traditional transportation
modes by postal services or overpriced logistics companies [8].

Different to traditional city logistics, which provide only door-to-door delivery, LSPs
should also provide pickup service as well for both operation cost reduction and customers’
requirements considerations. With the exception of construction-dedicated attendant or
unattended facilities, in collaborating with convenience stores, PSCs, and other institu-
tions, LSPs can obtain significant benefits by taking these places as collection-and-delivery
points [9]. Among these institutions, PSCs play a crucial role in last mile delivery collabo-
ration. As PSCs are located close to final customers, they can provide parcel collection and
temporary storage service with their underutilized offices or the available community space
which makes customers’” pickup more convenient. Moreover, as they provide property
services every day, they may have the possibility to play a role in delivering packages
to customers.

Although it is common in practice that couriers place packages in PSCs’ office and
wait for customers’ pickups, this is usually personal behavior for couriers, instead of LSPs
and PSCs who receive no pay. In such scenarios, potential conflicts among LSPs, PSCs, and
customers may occur when service and package quality are not well guaranteed. When
PSCs collaborate with LSPs to provide better service from a commercial perspective, extra
investment will result and then PSCs play a dual role, simultaneously providing property
and last mile delivery service. With these considerations, what kind of collaboration will
LSPs and PSCs take? What is the Cs’ attitude towards the collaboration and what factors
may affect the collaboration? These are interesting issues and there is no research focus on
this problem, to the best of our knowledge.

In this study, with the aim of providing useful decision-making guidance for resource
integration of the last mile delivery, and thus to help to improve the delivery efficiency,
we develop an evolutionary game model with heterogeneous players. We first analyze
the behavioral strategies of LSPs, PSCs, and Cs during the collaboration. Then, we use the
evolutionary game model to analyze the evolutionary stable strategy (ESS) and explain
how the dynamic interaction between LSPs, PSCs, and Cs influences the players’ behaviors,
and why and how these groups achieve the equilibrium state. Subsequently, numerical
simulations are conducted to illustrate the appropriate policies in different scenarios. At
last, we provide some suggestions to promote resource integration of the last mile delivery.

The remainder of the paper is organized as follows. Section 2 reviews the relevant
literature. Section 3 describes the issue and constructs a tripartite dynamic evolutionary
game model among PSCs, LSCs, and Cs. Section 4 analyzes the evolution path of the
game players. Section 5 discusses the sensitivity analysis of selecting parameters in detail.
Finally, research conclusions and highlights related to managerial implications are given in
Section 6.

2. Literature Review

As a means of optimizing resource allocation, resource integration has promoted the
rapid development of the logistics industry. Samir et al. believe that logistics resource
integration is an understanding from the perspective of the supply chain and enterprises,
that is, related resources carry out a higher level of cooperation in order to meet social
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needs [10]. Daniel et al. believe that logistics resource integration is one of the four flow
integrations of logistics, information, resources, and processes in the supply chain [11].
Therefore, in recent years, resource integration has been the important necessity in devel-
oping logistics and there have been numerous studies investigating resource integration by
integrating the supply chain resources and cooperating the last mile delivery.

Panayides et al. studied the impact of logistics resource integration on the perfor-
mance of third-party logistics services [12]. Xu et al. and Yao et al. respectively studied
the optimization of logistics resource allocation from the perspective of logistics network
and fourth-party logistics [13,14]. Cao et al. discussed the operation of supply chains
from three aspects: supplier integration, internal integration, and consumer integration,
and studied the integration process from three perspectives: logistics integration, infor-
mation flow integration, and capital flow integration [15]. Shi et al. studied the manu-
facturing enterprises from the perspective of information resource integration of reverse
logistics [16]. Fan et al. proposed an internal and external integrated supply chain logis-
tics optimization model to reduce the total logistics cost [17]. Frank et al. discussed the
coordination and integration of supply chain resources in increasing supply chain per-
formance [18]. Fan et al. studied the coordination mechanism of port logistics resource
integration from the perspective of supply and demand [19]. Kim et al. combined the
viewpoint of resource dependence theory to evaluate the impacts of trust, satisfaction,
and commitment on enterprise logistics integration decision-making, and also studied the
relationship between logistics integration and supply chain performance [20]. Zhu et al.
believe that object identifier plays a more and more important role in the integration
of modern logistics resources [21]. Yin et al. found that integrating the nodes between
supermarkets and commercial logistics distribution centers and production bases is of
great significance to the development of commercial enterprises in China [22]. Chen et al.
introduced the evaluation method of logistics network infrastructure of railway logistics
enterprises from the perspective of logistics resource integration [23].

In order to satisfy customers’ personalized demand, the last mile delivery has to
continue to develop. Yang et al. pointed out that collaborative distribution can solve
the personalization of distribution time and reduce pollution to a certain extent [5]. The
most attention has given to horizontal cooperation, defined by Cruijssen et al. [24], as “a
cooperation between two or more firms that are active at the same level of the supply
chain, and perform a comparable logistics function on the landside.” A typical scenario of
horizontal cooperation of last mile delivery is joint or collaborative delivery. Cruijssen et al.
performed joint route planning to provide empirical evidence on the level of cost savings;
results showed that joint route planning can save 30.7% of total distribution costs [25].
Yang et al. proposed a cooperative game model for collaborative distribution between
two logistics service providers, several profitable cooperation conditions, as well as useful
suggestions are provided. He et al. proposed a genetic framework for the selection of the
optimal location of the joint distribution center and developed a sustainable evaluation
system [7]. Zhou et al. introduced a two-echelon-based joint distribution system and
proposed a two-echelon vehicle routing problem to provide customers with different
delivery options to address the challenges arising in the last mile delivery [26]. Wang et al.
established a collaborative logistics pickup and delivery problem with eco-packages for city
collaborative alliance [27]. Widespread application of horizontal cooperation of last mile
delivery in China is the Cai Niao Courier Station in the Alibaba Group, which provides
pickup service for the integrated packages from several couriers.

Moreover, growing attention has been given to crowdsourced delivery, where ordinary
people or agents help to carry out last mile delivery tasks. Archetti et al. were the first to
model the problem of the crowdsourced deliverers in logistics networks by modeling the
vehicle routing problem with occasional drivers [28]. Chen et al. proposed an innovative
solution to collect the e-commerce-returned goods by using taxis [29]. Kafle et al. studied a
crowdsource-enabled system, in which pedestrians and/or cyclists complete the last leg of
a delivery task, while a truck carries the rest of the delivery [30]. Devari et al. presented a
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scenario-based analysis of the benefits of crowdsourcing last mile delivery by exploiting a
social network of the customers. Marcina et al. considered a crowd-shipping problem with
transshipment nodes [31].

To sum up, the main gaps between this paper and the past literature are as follows:
(a) To the best of our knowledge, existing studies explored the last mile delivery resource
integration on an operational level, and few analyze the strategic perspective. In this paper,
we develop an evolutionary game theory model to study the dynamic strategic behavior of
stakeholders in the last mile delivery. (b) We focus on the dual roles of PSCs and Cs, and
explore the behavioral strategies of PSCs, LSPs, and Cs during their collaboration in last
mile delivery, which is a novel perspective.

3. Evolutionary Game Model
3.1. Problem Description and Game Strategy

With fierce competition in the market and the increasing customer demands for per-
sonalization, driven by reducing the operation cost and improving the delivery efficiency,
LSPs expect to cooperate with PSCs to better carry out the last mile delivery service. The
last mile delivery service provided by PSCs is an extension of their core business, and
value-added services revenue can be obtained. In view of the dual identity of proprietor
and logistics clients, Cs can obtain direct logistics service-level improvement and related
benefits due to resource integration.

There are two typical strategies in last mile delivery cooperation between LSPs and
PSCs: one is temporary integration (TI), the other is strategic integration (SI). LSPs tem-
porarily rent facility resources of PSCs’ to provide Cs with collection and self-pickup
services during temporary integration. In this situation, PSCs are economically sensitive to
their input during the cooperation due to the lack of business stability. When performing
strategic integration, LSPs and PSCs carry out in-depth cooperation in parcel collection,
storage, and home delivery services. In addition, to seek a long-term win-win situation,
LSPs and PSCs may both increase investment on the basis of TI to improve service capacity
as well as realize the in-depth integration of services, processes, and information, and PSCs
will share the cost with LSPs based on the principle of revenue sharing. Meanwhile, no
matter what kind of integration strategy LSPs and PSCs take, due to dual identities of Cs’,
they have two optional strategic behaviors towards to the integration of the two companies,
namely supporting temporary integration (STI) and supporting strategic integration (SSI),
and what attitude they will take depends on the benefits they obtain and their losses during
the integration.

3.2. Model Assumptions and Profit Matrix

Based on previous analysis, LSPs, PSCs, and Cs, the three game players of this article,
are bound by rationality and hope to maximize their own utility, and the strategy space of
them is denoted as Sygps = {T1, SI}, Spscs = {T1, SI}, and Scs = {STIL, SSI}, respectively. For
constructing a game model of stakeholders in last mile delivery resource integration and
studying the conflicts of interests and optimal choices among them, the following basic
assumptions are given.

Assumption 1. If both LSPs and PSCs adopt the TI strategy, LSPs will pay the parcel storage
cost Cq to obtain the temporary storage and management service provided by PSCs, then PSCs
will receive C1 and bear the parcel storage operating cost Cy. At this time, LSPs will gain the
distribution income My due to the improvement of customer pick-up convenience. Meanwhile, Cs
will receive the pick-up convenience profit U and the resource occupation compensation B (B < Cy)
given by PSCs due to temporary occupation of the community public resources when providing
temporary package storage.

Assumption 2. Compared to temporary integration, the home delivery cost C3 is invested in
strategic integration. If both LSPs and PSCs discover that SI strategy is selected, C3 will be shared
by the two companies. However, if they choose different strategies, Cs is paid by the one adopting



Sustainability 2021, 13, 12240

50f18

the SI strategy. In addition, they will share the integration cost Cy4, as both parties need to deeply
integrate their services, processes, and information when they both choose the SI strategy. It is
assumed that «(0 < « < 1) is cost-sharing coefficient, and then LSPs and PSCs bear the cost
a(Cs + Cy), (1 —a)(Cs + Cy), respectively.

Assumption 3. When both LSPs and PSCs adopt the SI strategy, Cs will receive the service quality
improvement profit AU based on pick-up convenience due to obtaining the services such as home
delivery. Due to the improvement of customers’ satisfaction with last mile delivery service, delivery
efficiency, package integrity, and customers’ loyalty to property service, LSPs and PSCs will gain
the service benefit AMy, AM,, respectively. At the same time, they will also obtain the indirect
income R, such as value-added services revenue, by advertising on express packaging or express
service facilities. However, R will be obtained by the party adopting the SI strategy when the two
companies hold different strategies. Supposing that B(0 < B < 1) is profit allocation coefficient,
then LSPs and PSCs receive the income BR, (1 — B)R, respectively.

Assumption 4. When either LSPs or PSCs tend to the SI strategy, the distribution service profit
U;(i = 1,2) is obtained by Cs. However, compared to both of the two parties taking the SI strategy,
time flexibility for home delivery is insufficient when LSPs choose the SI strateqy and PSCs the
other, and the value of the service provided will be lower, where Uy < U + AU. Similarly, when
LSPs adopt the SI strategy and PSCs the other, due to the lack of accurate information support
such as logistics information systems, the value of the services provided will be lower as well, where
U, < U+ AU. In addition, the party carrying out the TI strategy will have potential losses
Si(i = 1,2) due to failure to improve the service level.

Assumption 5. When Cs choose the STI strategy, they will bear the potential loss S3, that is,
compared to the cost they paid in choosing the current SSI strategy, they will pay more when they are
more inclined to the service benefits brought about by the SI strategy in the future. When both of the
two companies choose the SI strategy and Cs choose the SSI strategy, Cs will gain the community
premium income K due to the improvement of logistics service levels on the basis of obtaining the
distribution service income. At this time, Cs may give up the resource occupation compensation
B to promote the strategic integration of the two enterprises in order to maximize their own
interests. However, when LSPs and PSCs perform strategic integration, the advertising behavior
and the construction of fixed delivery facilities will have a negative impact on the community living
environment to a certain extent, and then this brings the living environment loss S to Cs.

Assumption 6. We make x(0 < x < 1) represent the probability of LSPs choosing the SI strategy,
and (1 — x) denotes the probability of choosing the TI strategqy. For PSCs, suppose that the
probability of choosing the SI strategy is y(0 <y < 1), the probability of Tl is (1 — y). In addition,
denote z(0 < z < 1) and (1 — z) as the probability of Cs with a choice of the SSI and STI strategy,
respectively, where x,y,z € [0,1].

According to the abovementioned analysis and hypothesis, the game payoff matrix of
LSPs, PSCs, and Cs is presented in Table 1.

Table 1. Payoff matrix of players in dynamic game model.

S SC G
LSPs PSCs SSI STI
My + AM; + BR — a(Cs + Cy) My A’L Nil‘:{l (41? fl}ﬁ)_RC—il- (—:1“_(%; Cs)
SI AM2+(1*5)R ng 7K(1TSO£)(C3+C4) (1—0()(C3+C4)—B
o TARTA U+AU+B-5-5
M +AM{+R—-C —C3 My +AM;+R—-C —GC3
TI Ci—C—S —B Ci—C—S5 —B
U +B-S Uy +B—-S3—-S
M1*C1751 leclfsl
SI AM; +C;+R—-C,—C3—B AM, +Ci+R—-C,—C3—B
U, +B—-S U,+B—-S5—-S5;3
B M -C -5 M -C -5
TI Ci—-C—-5—-B Cit—-C—-5—-B
u-+B U+B—S3
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4. Evolutionary Stable Strategy Analysis
4.1. Strategy Stability Analysis of LSPs

According to the payoff matrix of the tripartite game, the expected payoffs of LSPs
adopting the SI strategy and the TI strategy are described as follows, respectively.

ULl = yZ(Ml + AM1 + ,BR — tX(C3 + C4)) +y(1 — Z)(M1 + AMl +ﬁR — C1 — OC(C3+
C))+ (1 —y)z(M; +AM1+R—C; —Cy) + (1 —y)(1 —z)(M1 + AM; + R—
C1—Gs)

U, = yZ(Ml —C - Sl) ~|—y(1 — Z)(Ml —C - 51) + (1 —]/)Z(Ml —C - Sl)+
(I-y)(1—2z)(M; —C1—51)

Thus, the average expected payoff of LSPs is
Up = xUp + (1 - x)Up
The replicator dynamic equation for LSPs is as follows.

F(JC) = ‘% = x(UL1 *UL)

=x(1- x)(y(—(l —B)R —a(Cs + C4)) +yzCy +AM; + R+ 51) M

Therefore, we have the first derivative of the replicator dynamic equation of LSPs that
can be obtained.

F'(x) = (1—2x)(y(—(1— B)R — a(Cs + C4)) +yzC1 + AM; + R + S1)

According to the Friedman method, when F(x) = 0 and F/(x) < 0, x is an evolu-
tionary stable strategy (ESS). Let F(x) = 0; by calculating Equation (1), we can obtain
thatx=1,x=0,and yp = (—AM; —R—51)/(—(1 = B)R — a(C3 + C4) + 2C;), and then
proposition 1 is true.

Proposition 1 (). If y = yo, then for any x, F(x) = 0. That is, the probability of LSPs choosing
the SI strategy is any value between 0 and 1.

Proposition 1 (2). If y # yo and F(x) = 0, then the probability of LSPs choosing the SI strategy
isx=0o0rx=1.

Proof. Let H(y) = (y(—(1 —B)R —a(C3+Cy4)) +yzCq1) + AM; + R+ S; — C3, 0H(y)/
dy < 0 can be obtained after calculation. Therefore, H(y) is a decreasing function of y;
when vy = yo, H(y) = 0, F(x) = 0, and F/(x) = 0, any production strategy of LSPs
is a stable strategy, as shown in Figure 1la. While y # vy, the following two cases are
discussed further. [

(@) (b)
Figure 1. Replicator dynamics phase diagram of LSPs. (a) y = vo; (b) ¥ > yo; (¢) y < yo.
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(1) Ifo<yo<y<1H(y) >0, F(x)|,.; =0,and F'(x)|,_; <0, wecanseex =1is the
only ESS, and LSPs will adopt the SI strategy, as shown in Figure 1b.

(2) If0<y<yo<1H(y) <0, F(x)|,_o =0,and F'(x)|,_, < 0, we can see x = 0 is the
only ESS, and LSPs will adopt the TI strategy, as shown in Figure 1c.

Based on proposition 1, the replicator dynamics phase diagram of LSPs is shown
in Figure 1.

As seen from Figure 1a, V1 represents the initial strategy set space that meets the
condition 0 < yp < y < 1. When the numerical relationship between x and y corresponds
to the space V1, Sl is the evolutionary stable strategy of LSPs. Similarly, for V2, TI strategy
is the evolutionary stable strategy. Therefore, the volumes Ty and Ty, represent the
probability that LSPs choose different strategies, which can be calculated as follows:

—AM;—R-S
T = ‘J;{ —(T=B)R—-a(Gy 7 Cy)T2C; Y4z

_ AM;+R+5; In (a(C3+C4)+(1—/3)R—C1 )
- G a(C3+Cy)+(1-p)R

Ty, =1—Tyy

o AMj4R+Sy . [ a(—C3—Cy)—(1—B)R+C
=1 - MR, (oo GRS )

()

Proposition 2. The probability of LSPs adopting the SI strategy is negatively correlated with
potential loss Sy, profit allocation coefficient 5, and parcel storage cost Cq, and is positively correlated
with home delivery cost Cs, integration cost C4, and cost-sharing coefficient «.

Proof. In Equation (4), we calculate the first partial derivative of Ty; with respect to
51, B, C1, C3, Cy, and «, respectively, then 9Ty /39Sy > 0, 9Ty /9B > 0, 9Ty1/9C; > 0,
dTy1/9C3 < 0,9Ty1/9C4 < 0, and 9Ty /dx < 0 are obtained. [

Proposition 1 and proposition 2 mean that LSPs tend to choose the SI strategy when
the probability of PSCs adopting the SI strategy is large enough. It reflects that the strategic
choice of PSCs affects the strategic choice of LSPs. C3 and Cy4 inhibit the willingness of
LSPs adopting the SI strategy. However, S caused by LSPs adopting the TI strategy or C;
paid to PSCs is too high, which encourage LSPs adopting the SI strategy. In addition, it is
helpful for LSPs’ scientific strategic choices to evaluate S; accurately.

4.2. Strategy Stability Analysis of PSCs

Likewise, the expected payoffs of PSCs adopting the SI strategy and the TI strategy
are as follows, respectively.

Upy = xz(AMp + (1 —=B)R—Co — (1 —a)(C3+ C4)) +x(1 —z)(AMa+ (1 — B)R
+C—-C—(1—a)(C3+C4) —B)+ (1 —x)z(AMp +C1 +R—C, — C3 — B)
(17}()(172)(AM2+C1+R*C2*C3*B)

Up2 ZXZ(Cl —C2—52—3)+x(1—2)(c1 —CQ—SZ—B)—F(l—X)Z(Cl —C2—52
CB) 4 (1—x)(1-2)(C - Cs— S — B)

Thus, the average expected payoff of PSCs is
Up = yUpy + (1 - y)Up,
The replicator dynamic equation for PSCs is as follows.
dy

F(y) = 4 =y(Up1 — Up)

_ (1=P)R—(1—a)(C3+Cy) +Cy) ®)
_y(ly)( x+xz(B—C1)+A]0\22 _3C3+452+§ )
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Similarly, the first derivative of the replicator dynamic equation of PSCs can be obtained.
F,(y) =1-2y)(x(1—B)R—(1—a)(C3+Cq)+Cq)+xz(B—C1) +AM; — C3+ Sy + R)

According to the Friedman method, when F(y) = 0 and F/(y) < 0, x is an evolutionary
stable strategy (ESS). Let F(y) = 0; by calculating Equation (2), we can obtain thaty =1,y =0,
and zp = —(x((1—B)R—(1—a)(C3+Cq)+C3)+AMp —C3+ S+ R)/(x(B—Cy)),
and then proposition 3 is true.

Proposition 3 (1). If z = zg, then for any y, F(y) = 0. That is, the probability of PSCs choosing
the SI strategy is any value between 0 and 1.

Proposition 3 (2). If z # zy and F(y) = 0, then the probability of PSCs choosing the SI strategy
isy=0ory=1.

Proof. Let H(z) = x((1=B)R — (1 — o)(C3+C4) + C3) +x2(B—C1) + AM, — C3+ S, + R,
0H(z)/9dz < 0 be obtained after calculation. Therefore, H(z) is a decreasing function of
z; when z = zg, H(z) = 0, F(y) = 0, and F/(y) = 0, any production strategy of PSCs
is a stable strategy, as shown in Figure 2a. While z # z, the following two cases are
discussed further. [

(b)
Figure 2. Replicator dynamics phase diagram of PSCs. (a) z = zg; (b) z > z¢; (¢) z < zo.

(1) If0<z <z<1, H(z) >0, F(y)|,—; =0and F’(y)|y:1 < 0,wecanseey =1is the
only ESS, and PSCs will adopt the SI strategy, as shown in Figure 2b.

() If0<z<zo<1 H(z) >0, F(y)|,_o=0and F'(y)|,_ <0, wecanseey=0isthe
only ESS, and PSCs will adopt the TI strategy, as shown in Figure 2c.

Based on proposition 3, the replicator dynamics phase diagram of PSCs is shown
in Figure 2.

As seen from Figure 2a, V3 represents the initial strategy set space that meets the
condition 0 < zyp < z < 1. When the numerical relationship between y and z corresponds
to the space V3, Sl is the evolutionary stable strategy of PSCs. Similarly, for V4, the TI
strategy is the evolutionary stable strategy. Therefore, the volumes Ty3 and Ty4 represent
the probability that PSCs choose different strategies, which can be calculated as follows:

TV3 _ J‘J‘ —(x((l—ﬂ)R—(l—tX)(C;&(}%BC4)+AM2—C4+52+R) dxdz
V3

_ C4—AMp—S,—R In ((X(C3+C4)+(1—IB)R+B—C1—C3 )
- B-C 2(C3+Cy)+(1-p)R-C5

Tyy=1-Ty3

=1— C4—AM2—52—Rln(DC(C3+C4)+(1—IB)R+B—C1—C3)
- B—C1 IX(C3+C4)+(1—‘B)R—C3

(4)
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Proposition 4. The probability of PSCs adopting the SI strateqy is negatively correlated with po-
tential loss Sy, cost-sharing coefficient w, and resource occupation compensation B, and is positively
correlated with parcel storage cost Cq, home delivery cost C3, profit allocation coefficient B, and
integration cost Cy.

Proof. In Equation (5), we calculate the first partial derivative of Ty 3 with respect to Sy,
«, C1, B, C3, B, and Cy4, respectively, then 0Ty3/9S, > 0, dTy3/0cc > 0, dTy3/90B > 0,
0Ty3/0C1 < 0,0Ty3/0C3 < 0,0Ty3/9B < 0, and 0Ty3/9Cy < 0 are obtained. [

Proposition 3 and proposition 4 mean that PSCs tend to choose the SI strategy when
the probability of Cs adopting the SSI strategy is large enough. Similar to LSPs, C3 and
C4 inhibit the willingness of PSCs choosing the Sl strategy. The greater the S, caused by
choosing the TI strategy, the more positive it is that they choose the SI strategy. At the same
time, it also has a positive influence on the selection of strategic integration if the greater B
is paid to Cs. However, with the increase of C; paid by LSPs, their enthusiasm in choosing
the SI strategy is reduced.

4.3. Strategy Stability Analysis of Cs

Similarly, the expected payoffs of Cs adopting the SSI strategy and the STI strategy
are as follows, respectively.

Ui =xy(U+AU+K—-S)+x(1—-y) (U +B—-S)+ (1 —x)y(l, +B—-S)+ (1 —x)(1 —y)(U+B)
U =xy(U+AU+B—-S—=S83)+x(1—y) (U1 +B—-S3—-S)+ (1 —x)y(Up + B—53—S5) + (1 —x)

(1-y)(U+ B — S3)

Thus, the average expected payoff of Cs is
Uc =zUcy + (1 - 2)Uc,
The replicator dynamic equation for Cs is as follows.

F(z) = & = z(Uct — Uc) )
=z(1—z)(xy(K—B) +S3)
The first derivative of the replicator dynamic equation of Cs can be obtained.
According to the Friedman method, when F(z) = 0and F'(z) < 0, x is an evolutionary
stable strategy (ESS). Let F(z) = 0; by calculating Equation (3), we can obtain thatz =1,
z=0and yo = (—S3)/(x(K — B)), and then proposition 5 is true.

Proposition 5 (1). If y = yo, then for any z, F(z) = 0. That is, the probability of Cs choosing the
SSI strategy is any value between 0 and 1.

Proposition 5 (2). If y # yo and F(z) = 0, then the probability of Cs choosing the SSI strategy is
z=0o0rz=1.

Proof. Let H(y) = xyK —yB + S3, 0H(y)/9dy < 0 be obtained after calculation. Therefore,
H(y) is a decreasing function of y; when y = yo, H(y) =0, F(z) = 0,and F'(z) = 0, any
production strategy of Cs is a stable strategy, as shown in Figure 3a. While y # o, the
following two cases are discussed further. [J
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(b) (c)

Figure 3. Replicator dynamics phase diagram of Cs. (a) y = yo; (b) v > yo; (¢) y < yo.

(1) f0<yo<y<1H(y) >0, F(z)|,_; =0,and F'(z)|,_; <0, we can see z = 1is the
only ESS, and Cs will adopt the SSI strategy, as shown in Figure 3b.

(2) If0<y<yo<1,H(y) >0, F(z)|,_o=0,and F'(z)|,_, <0, we can see z = 0 is the
only ESS, and Cs will adopt the STI strategy, as shown in Figure 3c.

As seen from Figure 3a, V5 represents the initial strategy set space that meets the
condition 0 < yp < ¥ < 1. When the numerical relationship between z and y corresponds
to the space V5, SSl is the evolutionary stable strategy of Cs. Similarly, for V6, STI strategy
is the evolutionary stable strategy. Therefore, the volumes Tys and Ty¢ represent the
probability that Cs choose different strategies, which can be calculated as follows:

Tvs = [[ s gdxdy
V5

_ s s
=1+ 3 (l” k5B 1) (6)
Tve =1—Tvs

S S
= —T%(l”ﬁ - 1)

Proposition 6. The probability of Cs adopting the SSI strategy is negatively correlated with com-
munity premium profit K and potential loss S, and positively correlated with resource occupation
compensation B.

Proof. In Equation (5), we calculate the first partial derivative of Ty with respect to K, S3
and B, respectively, then dVr5/0K > 0,0V75/9S3 > 0 and 0V75/9B < 0 are obtained. [J

Proposition 5 and proposition 6 mean that Cs tend to choose the SSI strategy when
the probability of PSCs adopting the SI strategy is large enough. PSCs’ compensation for
the occupation of community public resources will promote the temporary integration
of customer support and increasing community premium by improving property service
level will promote customers supporting strategic integration.

4.4. Stability Analysis of Equilibrium Strategy

According to the first Lyapunov method [32], the stability of strategic combination
can be judged in the replication dynamic system including LSPs, PSCs, and Cs. When all
the three eigenvalues of the Jacobian matrix have a negative real part, the corresponding
equilibrium point is ESS. If at least one eigenvalue of the Jacobian matrix is positive, the
equilibrium point is an unstable point. If the eigenvalue of the Jacobian matrix is negative
except the eigenvalue of zero, the equilibrium point is in a critical state and the stability
is uncertain. Selten [33] pointed out that a Nash equilibrium is stable if, and only if, it is
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strictly in the evolutionary. Thus, we only need to analyze the stability of the equilibrium
points of the eight pure strategies.

Then, according to Equation (1), Equation (3), and Equation (5), the Jacobian matrix ]
is obtained as follows:

where
Fe(x) = (1 =2x)(y(—(1 = B)R — a(C3 + Cy4)) + yzC; + AM1 + R + S1);
Fy(x) = x(1 = x)(=(1 = p)R — a(C3 + C4) +2C1);
E(x) = x(1 - x)yCy;
Fe(y) = ]/(1 —yY)((1=B)R—(1-x)(C3+C4) +C4 +2(B—Cy);
Fy(y) = (1 =2y)(x((1 = )R = (1 = x)(C3 + C4) + C4) +x2(B = C1) + AMz — CG3 + S2 + R);
E(y) = y(1 —y)(x(B ~ Cl))
Fe(z) = 2(1 - z)(y(K - B));
Fy(z) =2(1 = 2)(x(K = B)) ;
F.(z) = (1 —2z)(xy(K — B) +S3).
According to the replication dynamic equation of each game player, let F(x) = 0,
F(y) =0and F(z) = 0, respectively. Then, it is easy to obtain eight pure strategy Nash equilibrium
points of Ny(1,1,1), N»(1,1,0), N3(1,0,1), Ng(1,0,0), N5(0,1,1), Ne(0,1,0), N7(0,0,1),
and Ng(0,0,0). Supposing the Jacobian matrix of Nj(1,1,1) is J;, then

A 0 0
h = [ 0 A2 O ]
0 0 Aj
It can be calculated that the eigenvalues of the matrix [; are A; = — ([SR —a(C3+Cy)+
C1+AMM;+51), » = —((1-B)R—(1—a)(C3+C4) +B—Cy +AMy +S; +R) and
A3 = —(K — B+ S3). Similarly, three eigenvalues of each equilibrium point are obtained
and shown in Table 2.

Table 2. The eigenvalues and stability of the Jacobian matrix.

ilibri Eigenvalues and Symbol
EquIljlh.brlum 8 y Local Stability
oints A Ay Az
—(BR — «(C5 + C.
(1,1,1) +((:'B + AA} +S )41 —((1=B)R = (1 —a)(C3+Cy) —(K—-B Uncertain point
! 1=t +B—Cy +AM + Sy 4 R)* +83)%
(1,1,0) —(BR—a(C3+Cy) —(1=B)R=(1-x)(C3+Cy) K-B Uncertain point
+AM; + Sq) % +B—C1+AM; + S+ R) * +8S3 *
(1,0,1) —(AM;+R+51) <0 (1-B)R—(1—)(C3+C4) —S3 <0 Uncertain point
+B—Cy+AMy+ S, +R %
(1,0,0) —(AM1+R+S51)<0 (I1-PBR—(1-x)(Cs S3>0 Unstable point
+Cyq) +AMy + S+ R
(0,1,1) BR — a(C3 + C4) —(AMy — C3+ 52+ R) —S3<0 Uncertain point
+AM; + 51 *
BR — o(C3+ Cyq) + B _ .
(0,1,0) AM; + Sy + (AMy —C3 4+ S + R) S3>0 Unstable point
(0,0,1) AM{+R+S; >0 —(AMy — C3+ 53+ R) —53 <0 Unstable point
(0,0,0) AM;+R+5 >0 AM; —C3+ S, +R S3>0 Unstable point

Note: * means the symbol is uncertain point.

Proposition 7.

Scenario 1. There is only one ESS N1(1,1,1), when R+ AM; > «(C3 4+ C4) —S1, (1 —B)R—
(1*0()(C3+C4)7C1+B+AM2+52+R >0, and K > B — S3.
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Scenario 2. There is only one ESS N»(1,1,0), when R+ AM; > o(C3 + Cy4) — 51, (1 —B)R —
(1—a)(C3+C4) —C1+B+AMy+ S+ R >0,and K < B — Ss.

Scenario 3. There is only one ESS N3(1,0,1), when R+ AM; > «(C3+Cs4) — 51, (1 —B)R —
(1—)(C3+C4)—C1+B+AM+ S+ R <0,and K > B — Ss3.

Scenario 4. There is only one ESS N5(0,1,1), when R+ AM; < «(C3+ C4) —S1 —Cy, AM +
So4+R>C3>C1+(1—a)(C3+C4) — (1 —B)R,and K > B — S3.

Proof. In scenario 1, all the eigenvalues of the equilibrium points Nj(1,1,1) are negative,
and the eigenvalues of the other equilibrium points are not all negative. Therefore, the
system has a unique stable strategy N1(1,1,1). Scenario 2, Scenario 3, and Scenario 4 are
similar to Scenario 1. The stability of system equilibrium point is shown in Table 3. [J

Table 3. The local stability of the equilibrium point.

Equilibrium Scenario 1 Scenario 2 Scenario 3 Scenario 4
Point A Ay Az Stability A Ay Az Stability A Ay Az Stability A4 Ay Az Stability
Unstable Unstable Unstable
(LL1) . . ) ESS . ) * point . * ) point * ) ) point
(1,1,0) _ _ . Unstable _ _ _ ESS _ _ . Unstable + _ . Unstable
point point point
(1,0,1) _ + ~ Unstable _ . ~ Unstable B B ~ ESS B 4 ~ Unstable
point point point
(1,0,0) _ 4 . Unstable _ 4 . Unstable _ _ . Unstable _ 4 . Unstable
point point point point
Unstable Unstable Unstable
LD * / ) point * / . point * / ) point . ) . ESS
Unstable Unstable Unstable Unstable
©0,1,0) * / * point * / * point * / * point i} ) * point
0,0,1) + / _ Unstable + / _ Unstable + / _ Unstable + _ _ Unstable
pomgl Upom}:l Upomgl Upomgl
Unstable nstable nstable nstable
0,0,0) * / point / point * / point * * + point

In scenario 1, {S, SI, SSI} is the evolutionary stable strategy of the system. At this time,
the sum of R allocated to LSPs and AM); is greater than the difference of costs borne by
them and S, the difference of R allocated to PSCs and costs borne by them is greater than
the difference of C; and S;, and K caused by Cs is higher than the difference of B and Ss.
We can see that S; and C; are key factors to influence the strategic choice of LSPs and PSCs
except in delivery income.

In Scenario 2, variables affecting LSPs and PSCs remain unchanged from Scenario 1.
However, K is less than the difference of B and S3, Cs tend to choose the STI strategy, and
then the stable and ideal evolutionary state of {SI, SI, STI} can be achieved. Scenario 1 and
scenario 2 further illustrate the impact of K on the behavioral strategies of Cs. The increase
in K is conducive to the system tending to {SI, SI, SSI}.

In Scenario 3, the ESS {SI, TI, SSI} can be achieved. At this time, the constraints of
LSPs and Cs strategy selection have not changed from scenario 1; the constraints of PSCs
are opposite. In this situation, PSCs can increase their willingness in strategic integration
with LSPs by manifesting potential losses and improving their own service levels. In
scenario 4, the stable and ideal evolutionary state {TI, SI, SSI} can be achieved. At this time,
the constraints of Cs’ strategy selection have not changed from scenario 1, and the sum of
R allocated to LSPs and AM; is greater than the difference among costs borne by them, Sy,
and Cj. For PSCs, C3 is lower than the sum of AMj, Sy, and R, and higher than the sum of
Cy and the difference between the cost borne and the indirect income allocated.

Comparing the constraints of the four situations, it is not difficult to see that the evo-
lutionary stable strategy depends on the interaction, including strategic cost, the positive
strategic gain, and the negative strategic loss. For LSPs and PSCs, their focuses are R,
AMy, S1, Sz, Cq, C3, and Cy4. In addition, the strategic choice of PSCs is also related to the
compensation for resource occupation given to Cs. For Cs, K, B, and S5 are key factors,
which affect their strategic choice.
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5. System Simulation Analysis

In this section, the MATLAB 2020a software is applied to simulate the initial proba-
bility value of the evolutionary system under different constraints and these parameters
used in our model, for the purpose of verifying the accuracy of model consequences and
making dynamic evolution trends more explicit and vivid. In addition, aiming at the ideal
evolutionary stable state scenario 1, we simulate and analyze how the system evolves
into ESS over time under the impact of different parameter changes. According to the
basic assumptions and the interactive relationship between the parameters in scenario 1,
scenario 2, scenario 3, and scenario 4, the relevant is set as shown in Table 4.

Table 4. The initial values of the parameters.

Scenario AMl AM2 R Sl 52 53 Cl C3 C4 B 14 ﬁ K
Scenario 1 4 2 4 2 1 3 2 1 2 1 05 05 1
Scenario 2 4 2 4 2 1 1 5 1 2 4 05 05 1
Scenario 3 4 2 1 2 1 3 2 5 6 1 05 05 1
Scenario 4 1 2 4 1 2 3 1 3 6 05 07 03 1

For intuitively showing the dynamic evolution path and stable state in last mile
delivery resource integration, the MATLAB2020a software is applied to simulate the
dynamic evolutionary trajectories of the evolutionary system under different constraints
and influencing factors. Aiming for the evolutionary stable state scenario 1, we simulate
and analyze the impact of different parameter changes on the results. The parameters of
diverse cases are set as shown in Table 4.

To begin with, we discuss the influence of initial behavioral strategy probability of
LSPs, PSCs, and Cs on the ESS. Figure 4 shows the evolution path of the system, where
the x, y, and z axes represent initial strategy probability values of LSPs, PSCs, and Cs,
respectively. After giving the initial probability of their strategies, it can be seen that the
system always evolves toward the stable state of {SI, SI, SSI}, and the larger the probability
of initial value, the faster the speed of evolution. Similar to Figure 4a, the rate and stability
of the system reaching equilibrium will also increase in Figure 4b—d, and the ESS are {SI, SI,
ST}, {S1, TIL, SS1}, and {T1, SI, SSI}, respectively. The simulation results verify correctness
of the system evolution and stability strategy, as discussed above. It also shows that the
greater willingness of the tripartite choosing the {SI, SI, SSI} strategy combination has a
positive effect on the system in reaching evolutionary stability.

Next, we discuss the value changes of main parameters of {SI, SI, SSI}, involving profit
allocation coefficient B, cost-sharing coefficient «, potential loss S;, resource occupation
compensation B, community premium profit K, parcel storage cost C1, home delivery cost
(3, and integration cost Cy.

Based on the above simulation results, the initial policy probability of the tripartite has
a certain impact on the rate at which the system reaches an equilibrium state, but there is
no significant difference in the stability results of the system evolution. Therefore, without
loss of generality, the initial strategy probabilities of the three parties are set to be x = 0.5,
y =0.5, and z = 0.5 in the following simulation.
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Figure 4. Dynamic evolutionary paths of the system: (a) scenario 1; (b) scenario 2; (c) scenario 3;

(d) scenario 4.

5.1. Impact of B and « on Evolutionary Outcome

Figure 5a,b show the impact of changing f and « on participation of LSPs and PSCs,
respectively. The results are shown in Figure 5a: when f§ is changed from 0.1 to 0.9,
the speed of LSPs evolving to the SI strategy increases significantly, and PSCs” declines.
Furthermore, the difference in their willingness to choose the SI strategy is the smallest
when B = 0.3.
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Figure 5. The impact of factors on evolution results: (a) ; (b) .

Figure 5b is opposite to Figure 5a; the speed of LSPs evolving to the SI strategy declines
significantly, PSCs’ increases when o is changed from 0.1 to 0.9, and the willingness of the
two companies adopting the SI strategy is basically the same when o = 0.9. Thus, the result
implies that there are optimal benefit allocation coefficients and cost-sharing coefficients in
resource integration, which causes the ESS {SI, SI, SSI}.

5.2. Impact of S; on Evolutionary Outcome

Figure 6 depicts the impact of the variations S; on the participation of LSPs, PSCs,
and Cs under the other parameters remain unchanged. In Figure 6a—c, we can see that



Sustainability 2021, 13, 12240

15 0of 18

Q075

the willingness of LSPs and PSCs in adopting the SI strategy and Cs in adopting the SSI
strategy increase with the growth of S;. At this time, LSPs and PSCs bear more cost of
choosing the TI strategy, and Cs adopting the SSI strategy. Consequently, it shows a trend
of the system evolving the stable state of {SI, SI, SSI}.
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Figure 6. The impact of factors on evolution results: (a) S1; (b) Sy; (c) Ss.

5.3. Impact of B and K on Evolutionary Outcome

Figure 7a,b illustrate how the level of B and K can influence the enthusiasm of Cs
participating in the integration of delivery resources, respectively. It can be seen that given
the growth of B, Cs tend to choose the STI strategy, but the willingness of PSCs adopting
the SI strategy increases. When B > 4, 53 generated by Cs choosing the STI strategy is less
than B given by LSPs, and we obtain the ESS as {SI, SI, STI}. Based on Figure 7b, we find
that the willingness of Cs adopting the SSI strategy is increased as the level of K increases.
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Figure 7. The impact of factors on evolution results: (a) B; (b) K.

The above analysis shows that the willingness of Cs in adopting the STI strategy
reduces as the K increases. The reason is that K not enough to make up for the difference of
B and S3 when Cs receive excessive compensation due to unreasonable occupied public
resources by the integration of LSPs and PSCs, which causes Cs to tend to choose the STI
strategy. Nevertheless, Cs tend to choose the STI strategy, which causes their strategies to
shift from the STI strategy to the SSI strategy.

5.4. Impact of Cq, Cs, and Cy4 on Evolutionary Outcome

Figure 8 shows the willingness of LSPs and PSCs in participating in last mile de-
livery resources integration under changing C; paid by LSPs, C3, and Cjy, respectively.
In Figure 8a, when the level of C; paid by LSPs increases, the enthusiasm of LSPs adopting
the SI strategy rises, and PSCs are opposite. Due to the temporary package storage services
provided by PSCs, they can obtain C;. Furthermore, the enthusiasm of LSPs adopting the
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SI strategy can achieve greater as the level of C; increases. However, the enthusiasm of
PSCs adopting the SI strategy reduces.
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Figure 8. The impact of factors on evolution results: (a) Cy; (b) Cs; (¢) Cy.

It can be seen from Figure 8b,c that with the increase in C3 and Cy, the willingness of
LSPs and PSCs in choosing the SI strategy decreases. In addition, we can see that PSCs are
more sensitive to the costs changing in Figure 8. The reason is that PSCs are more sensitive
to economic benefits in the last mile delivery, and they are inclined to balance costs and
benefits. The reason is that PSCs show economic benefit sensitivity in the last mile delivery,
and they prefer to weigh the costs and benefits.

6. Conclusions

Considering the dual roles of PSCs and Cs, we use evolutionary game theory to
construct an evolutionary game model of last mile delivery resource integration among
LSPs, PSCs, and Cs. In this game, the evolutionary stability of the strategic choice of
tripartite participation in resource integration is analyzed, and the MATLAB2020a software
is used to simulate the dynamic evolution of each game player and to analyze the impact
of various related factors on the dynamic evolution of the system. Combined with the
previous analysis, the main conclusions are as follows.

(1)  There are optimal profit allocation coefficients and cost-sharing coefficients that make
the system evolve to a stable state of {SI, SI, SSI}. It shows that reasonable profit
allocation and cost-sharing mechanisms are foundational, which guarantees the
strategic integration between LSPs and PSCs. Therefore, the two companies should
establish these mechanisms to ensure the stability of strategic integration.

(2) Operating costs such as integration cost and home delivery cost could inhibit the
strategic integration. Therefore, LSPs should take steps to improve Cs’ participation
and try to establish a benign interactive relationship between themselves and cus-
tomers to reduce the cost of strategic integration, such as creating logistics service
member points systems, providing self-delivery, and delivery discounts.

(3) The increasing of potential losses in temporary integration plays a positive role in
promoting the evolution of the system to an ideal state of {SI, SI, SSI}, which indicates
that the potential loss plays a vital role in the choice of strategic behaviors, and it
requires the tripartite, especially the two types of enterprises, to establish a reasonable
profit and loss evaluation system under different strategies to support scientific
behavioral decisions before resource integration.

(4) Higher community premium income is conducive to improving the enthusiasm of Cs
supporting strategic integration. Therefore, while providing good logistics services, it
is necessary for PSCs to improve the quality of property services through improving
service attitudes and service standardization, so as to further improve community
premium profits, and then encourage Cs to support strategic integration.

(5) PSCs are more sensitive to the costs and benefits in the resource integration. Conse-
quently, it is of great significance for the government to take measures to guide PSCs
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to actively participate in the last mile delivery resource integration by reducing their
participation costs, such as providing financial subsidies and tax relief.

(6) The three game players’ behavior and decision-making choices affect each other in
the last mile delivery resource integration. Therefore, cooperation mechanisms and
linkage relationships help to better integrate the last mile distribution resources.

(7)  The indirect benefits, such as advertising during their integration, play a positive
role. Thus, the relevant regulations should be added in the property service contracts
signed with Cs to avoid conflicts between Cs and PSCs by advertising and other acts.
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